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DESIGNCONCEPTTOREDUCEFLOW

DISTORTIONATANGLEOFAl?lMCK

By CarlF. Schue31erandLeonardE. Stitt

SUMMARY

Detailedpressuremeasurementsweremadeoftheflowdistortion
Justinsidethecowllipofa fixed-coneplanar-cowlinlet,a pivoting-
coneplanar-cowlinlets.nda pivoting-coneswept-cowlinletoperatedat
anglesofattackfrom0° to14°andat a Machnumberof1.91. Theover-
allpressurerecoveryandflowdistortionattheexitofthethreedif-
fuserswerealsomeasured.

Considerableflowdistortionoccurredontheinsideofthebottcm
lipofa planarcowloperatedatangl&ofattack.This appearedto re-
sultfromthehighturninganglerequiredofthesubsonicfilamentof
airwhichwasoutsidetheconeobliqueshockbutcapturedby theinlet.
Sweepingthecowllipback,fromtoptobottom,maintainedtheconeob-
liqueshockaheadofthebottomlipat angleofattack.Thisresulted
inpreturningoftheairaheadofthelip,andlowerdistortionsand
higherpressurerecoverieswereobtained.

HODUCTION

Inlet-flowdistortionisnowreco~izedasan importantproblem
becauseoftheresultsofvariousinvestigations(e.g.,refs.1 to 4),
whichhavedemonstratedtheassociatedadverseeffectsonturbojeten-
gineperformance.Althoughthemagnitudeofflowdistortionwillvary
frominletto inlet,allaxisymmetricspike-t~einletshaveencoun-
teredincreasingdistortionwhenoperatedathighanglesof attack.
Severalattempts(refs.5 to 7)weremadeto designnoseinletswhich
had@roved pressurerecoveryandmass-flowcharacteristicsat angle
ofattack.Alsostudies(refs.8 and9)to improvethedistortionwere
madeusingscreensandflow-straighteningdevicesinthesubsonicpor-
tionofthediffuser.Alltheseinvestigationshadonlylimitedsuc-
cessinimprovingdistortionasa resultof ineffectivenessathigh
anglesofattackor ofbuilt-tiperformancepenaltieswhentheinlets
wereoperatedatthecruisecondition.

-,... . %,
=L.3$->,%“J.-”,’

-!,
,!~T



IiACARM E56K28b

Thepresentstudyisconcernedwiththe-originofflowdistortion
atthelipsof supersonicinletsoperatingat,angleofattack.Detailed
total-pressuresurveysatthethroatofthreeaxisynrmetricsupersonic
inletsoperatingata Machnumberof1.91and..,,anglesof..attackfrom0°
to 14°wereusedinthepresentinvestigating..

QUALITATIVEANALYSIS

By consideringonlytheeffectofangleof attackix+distortion
andinletperformance,ithasbeenpotitedoutmanytimesthatasthe
angleofattackis increased,theleesideoftheconecontributesa
decreasingsmountofcompressionandeventuallyflowseparationoccurs.
Thus,theairenterstheinletwithconsiderabledistortion.Useofa
pivotedcone,as inreference7, shouldeliminatethissourceoftrou-
ble. However,analysisofunpublisheddataforthepivotedconemodel
showsthatprohibitivedistortionsstillexistat a 14°..sagleofattack
fortheshockonlipconfigurations.An examinationof-thetheoretical
shockconfigurationindicatedthatasthean@e ofattac%wasincreased,
theobliqueshockfromthespikefellinsidekhecowllipat thebottom
quadrant;Thisrequiredtheairenteringthebottomof..thecowlto ex-
&nd aroundthecoillipapproximately26°morethsmrequiredat a zero
angleofattack.Accordhgly,indesigningt~emodifiedinletreported
herein,itwasreasonedthatthebottomofthecowlwasexperiencing
flowseparationthatwasas importanta sourceoftroubleas thelee _
sideofthespike.It wasfurtherproposedthattheareaoftrouble.
be alleviatedbysweepingbackthecowlsotl@tthebottom.lipws * _. ~__
ofthetoplipandalwaysbehindtheconeobliqueshock.Thesweepis
geometricallysimilartothatusedonnormal-shockinletsinthepast
(e.g.,refs.10to 12];however,thepurposeoftheswe_~inthiscase
wastomaintaintheobliqueshockaheadofthebottomcowllipandthus
providepretuz’ningequaltotheturningintheflowfieldofthecom-
pressionsurface.Techniquesotherthansweep,forexsmple,centerbody
translation,couldbe usedto satisfytheconceptofpreturning. -r
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x linealdistance

angleofattack
.a

‘z anglebetweenconetipandcowllipandaxisofmodel

Subscripts:

av

max

min

x

o

.

average

mtiimum

conditionatx-distance

freestream

inletrakestation

diffuser-exitrakestation

APPARATUSANDPROCEDURE

Themodelofreference7 (seefig.1)wasrerunwithtwototal-
. pressurerakesinstalledneartheinletthroatatthetopandbottom

ofthepassage.A surveyoftheenteringflowwasobtainedforthis
model,tithandwithoutconepivotingovera rangeofangleofattack
withtheconepositionedforshockonthelipat zeroangleof attack,
orat a cowl-lipparameterez
thediffuserwasalsomeasured
41.8°.

Theforwtid15percentof
ingbackthecowllip14°from
tivecenterofrotationofthe
shoulderwouldnotbe aheadof
@e variedfrom10.2°at the

of440. Flowdistortionat theendof
forshockaheadofthelipwhen ‘z ‘s

thismodelwasthenmodifiedby (1)sweep-
toptobottom,and(2)movingtheeffec-
25°half-angleconeaft,sothatthecone
thelowerinletlip. Theinternallip
topofthecowlto 7.7°at thebottom

as-comparedwith12°fortheinle~ofreference7. Theinstrumentation
thatwasusedto obtaintheinletprofilesanddiffuser-exitconditions
presentedhereinisshowninfigure1. A comparisonoftheinternal
areavariationofthetwomodelsisshowninfigure2.h

Inletmassflowwascomputedfroma measuredstaticpressurebe-
hindtheexitrakestationanda chokedplug,asswtigno total-Pressure,
lossbetweenthetwostations.Thetheoreticalcapturemassflowof
allinletswasbasedonthereferenceareaat zeroangleofattack.
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Fortheswept-cowlinlet,thereferencemass’flowuse~inthemass-flow
ratiowasa circularareadefinedby theradiusoftheupperWet lip.
Thiswouldcorrespondtotheprojedtedarea.ofa similarinletwithan
unsweptcowl.

Thediffuser-exittotal-pressurerecove~wascomputedfromthe
referencemassflowanda iueasuredstaticpressureattheexitrake
station.

At eachsngleofattack,theconewasalinedwit~thestreamby
meansofreplaceablewedgesatthebaseof-thecone..Aphotographof
themodelisshowninfigure3. ThemodelEj@e ofaktackwasvaried
by mesnsofthesupportstrutandwaslimit$dto14°becauseofmodel
andtunnelsize.Stabilitylimitsweredeterminedby visualobsena-
tionoftheshadowgraph.

Theinvestigation
sonicwindtunnelata
3.JX106perfoot.

wasconductedinthe”Lewis18-~y 18-inch
Machnumberof1.91tida Reyno~dsnumber—

RESULTSANDDISCUSSION -

.-

super-
Of

—

to originateatth&bott~mof inletsdesignedfo~;shockonlipat
angleofattackbutoperatedat140angleofattackareshownsche-

Thereasonsforemectirmconsiderable.distortionoftheinternal
flow
zero
maticallyinfigure4. Thetheoreticalshockandtuing anglesatthe
bottomofthreedifferentaxisymmetricfiletconfigurationsareshown
forcriticalinletoperation.It isnotedthatthesubsonicfilament
ofair(seefigs.4(a)and(b)),whichisoutsidetheobliqueshock
butcapturedbythetilet,hasno priorturutig.Thissubsonicflow
musteitherturnabruptlythrough26°tofo~owthein~sideofthecowl
or separate.Sweepingthecowllipbacksothattheb_ottomisalways
behindtheobliqueshock,as shoyninfigure4(c),resultsinpreturn-
ingtheairaheadofthelip(approximatew._12°accorqingto coneflow
charts)smdreducestheturninganglefrom21.7°to 9X70°forthis.par”--
ticularcowldesign.
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Theprecedingconceptwasconfirmedby~theinlettotal-pressure
profilesshowninfigure5 forthethreeidet config@ationsoperating
at0°to 14°anglesof attackforbothcrit~caland5.~o8 percentage
pointssubcriticalinletmass-flowratios?For example,at critical
inletconditionsanda 14°angleofattack~fig.5(d)),inletrecoveries
ofapyroxtitely97percentaremeasuredat.,,thebottomofthesweptcowl.L_-
Forthestraightcowl,however,pressurere~bverieso~-75per~entfor””
thefixed-coneconfigurationand50percent,,.forthepivotedconearein-

Actually,flowSeparation-isindicatedfor”
●

dicatedatthebottomlip.
thestraight-cowlpivoted-conemodelsincethetotal-pressurerecoVe~ .—... —
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of50percenteqml.sthelocalstaticpressure:It isalsoconsider-
ablylessthanthe77percentrecovery,whichshouldbe obtainedfor
a filsmentofairpassingthrougha normalshockatMachnumber1.91.
Theimprovedpressurerecoverynearthebottomcowllipforthefixed
cone(75percent)comparedwiththepivotedcone (50 percent)isin
contradictionwiththeflowhypothesizedinfigure4. Theshadpwgraph
picturespresented”infigure6 providea qtiitativeexplanationof
thedifference.A comparisonoftheshockformationatthebottomof
thecowlsshowsthata strongobliqueshockisformedwiththecone-
fixedconfigurationratherthantheno- shockformedwiththepivoted-
coneinlet.Thestrongobliqueshockprobablyintroducessometurning
aheadofthelipandshouldreducethepressurelossacrosstheshock,
thusincreasingthelocalrecoveryfrom50to 75percent.Thisvalue
isstillconsiderablylessthanthe97percentobtainedwiththeswept
cowl.

Theresultsofapplyingtheconceptofmoderatetuz’ninganglesat
thebottom.ofa cowlareshowninfigure7,asthevariationtithmass-
flowratioof inlet-flowdistortionandpressurerecoveryforanglesof
attackfrom0°to 14°. Thestraight-cowlfixed-coneconfigurationhad
thegreatestdecreaseinperfomnsnce.Thecriticsl.total-pressurere-
coverydecreasedfrom88to 69percent,andthedistortionincreased
from4 to 23percentastheangleofattackincr~sedfrom0° to 14°.
Usingthestraightcowlandpivotingtheconedidnotsignificantly
improvethedistortionatthediffuserexit. However,withtheswept-
COW1pivoted-coneconfiguration,thedistortionincreasedonlyfrom.9
to 14percentwhilethepressmerecoverydecreasedfrom87to 84per-
centup to 14°angleofattack.Thus,thesweptcowlservesa very
usefulfunctioninreducingtherateof increaseofflowdistortion
withangleofattack;however,fortheinletusedinthisstudythe
distortionat zeroangleofattackwas9 percentforthesweptcowlas
comparedwith4 percentforthestraightcowl.Basedonthevariation
ofthetotal-pressurerecoveryh theinlet-flowamnulus,whichis shown
infigure5(a),theincreaseddistortionforthesweptcowlisorigi-
natingonthebottomofthecenterbodyas indicatedby thelowtotal-
pressurerecoverywhichextendsover20percentoftheamnulusheight.
Thereasontheseparationisaggravatedby thesweptcowlisnotknown,
butdifferencesininternalgeometrymaybe contributingfactors.In
anycase,centerbodythroatbleedmightbe verybeneficial.Thepre-
cedingdiscussionwasrelatedto criticalinletoperationas a matter
ofconvenience.However,applicationofan inletto an enginewould
generallyresultinoperationat subcriticalmass-flowratios(constazrt
correctedairflow)withan increasingangleofattack.Forthedata

* reportedinfigure7,thisapplicationwouldresultinlowerabsolute
valuesofdistortion,buttheadvantagesofpreturningwouldstill
exist..



6 NACARME56K28b

Contoursofthetotal-pressuredistributionat theexitofthe”
subsonicdiffuserforthethreeinletconfigurationsinvestigatedare
presentedinfigure8 for0° and14°~gles ofattack.These~ontous
correspondto theinletconditionspresentedinfigure5. tigenera,
regionsoflow-energyair,whichweremeasuredattheinletface,per-
sisttothediffuserexit.Theveryadverseeffectofcenterbodysep-
arationonthelevelof distortionata zero angleofattackforthe
swept-cowlpivoted-coneconfigurationisapparentfromfigure8(a).
Alsothespreadingof-thelow-energyair,whichoriginatesat thebot-
tomofthestraight-cowllipconfigurati~sata 14°angleofattack,
isobviousfromfigure8(b).

Theconceptofmaintainingpreturnti-goftheairaheadofthebot-
tomlipforinletsoperatingatpositiveanglesof&ttackshouldalso
be satisfiedby translatingthecompressionsurfaceforward,relative
tothecowllip. Comparisonofunpublisheddistortiondatawhenthe
coneisforwardsothattheobliqueshockisapproximately2.2°ahead
ofthecowl.lipat zeroangleofattackwithdatafortheshockslight-
ly insidethelipispresentedh figure9“asthev@riationof diffuser-
exitdistortionat criticalfiletoperationwithangleofattack.Alt-
hough thedeterminationofthecriticalfnletconditionis subjectto
questionforinletsoperatingatangleofattack,thelimiteddataof
figure9 do showthatfortheshock-inside-the-lipconfiguration(9.,

—.

44.7°]thedistortionstartsto increaseatanglesofattackas
30. Fortheconfigurationwiththeshock:2.2°aheadofthelip
41.80),thedistortionwaslessovertheangle-of-attackrange.

Witha 07,of41.8°,theobliqueshockwouldiemainahead

. .

lowbas .
(62,

—. .—.--.

ofthe
cowlup to an&ngleofattackofabout10°. However,thedistortion

.—

beginsto increaserapidlyat someangleOf attackbetween3°and8°,
andat10°isgreaterthanwiththesweptcowling.‘Thismayhavebe=
a resultoftheadditional4°turningrequiredatthebottomoftheun-
sweptcowlas comparedwiththesweptcowl(7.7°as.comparedwith12°,
fig.1).

Theprecedingdiscussionhasdemonstratedtheprinciplesofpre-
turningtheairaheadofthebottomcowllipforangle-of-attackoper-
ationbymaintainingthecompression-surfaceobliqueshockaheadofthe
bottomlip. Inadditionto theapplicationsstudiedinthisinvesti-.,
gation,a numberofalternativeconfigurationsareasfollows:

(a)Mountthecenterbodyeccentrical~sndredticethespillagedrag
at zeroangleof.attack. *

(b)Reducethespillagedragat zero_angleofattackby substi-
tutingfortheplanarsweepofthecowllipa cowlingcutwhichcorre- .:
spendstotheintersectionoftheconeobliqueshock=withthecowling
at thehighestangleofattackdesired. .-
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(c)Designthecenterbodywitha highercones.ugleat thebottom
thanatthetop. Witha properly-positionedplanarcowlairwouldbe
spilledat zeroangleofattack,buttheobliqueshockwouldbe ahead
ofthebottomsectionofthecowllipat angleofattack.

Thetechniqueswhichareusedforthenacelleinstallationshould
alsobe applicable”toside-inletinstallations.However,theapplica-
tionmaybemorespecificforeachconfigurationsincethelocalflow
anglesat thecowllipwillbe influenced
sideinletused,thefuselageshape,and,
field.

CONCLUSIONS

Basedonthepreliminaryexperiments

by suchthingsasthetypeof
possibly,thecanopyflow

reportedhereinforconi-
calcenterbody-ty-pesupersonicinlets,thef~l..lowingconclusionsare
obtained:

1.At criticalor subcriticalmass-flowratios,considerableflow
distortionandpressure-recoverylossescorrespondingto flowsepara-.
tioncsmoccurat thebottomofplanarcowlswhentheysreoperatedat
angleofattack.Theseadverseflowconditionsresultfromtheexces-
siveturningrequiredofthesubsonicfilament“ofairwhichisoutside
theconeobliqueshockandhasno priorturningbutiscapturedbythe
inlet.

2.Positioningtheobliqueshockaheadofthebottomofthecowl
lipforangle-of-attackoperation,forexsnpleby sweepingthecowl,
reducestherequiredturningatthecowllipby theamountofturning
obtainedwiththecompressionsurface.As a result,ingoingfroma
0° toa 14°angleofattackthedistortionat criticalinletflowin-
creasedfrom9 toonly14percentas comparedwith4 to 23percentfor
a planarcowl. Correspondingly,thecriticalpressure.recoveryde-
creasedfrom87to 84percentforthesweptcowlandfrom88to 69per-
centfortheplanarcowl.

3.Fivottigtheconedidnotappeartobe a majorfactorh re-
ducingflowdistortionatthedtifuserexitforthehigheranglesof
attack.

4.Translatingthecenterbodysothattheobliqueshockwasshead
ofthephar cowlat zeroangleofattackalsoprovidedpreturningand

k thusreducedthe,distortionatthehigheranglesofattack.

. LewisFlightPropulsionLaboratory
NationalAdvisoryCotitteeforAeronautics

Cleveland,Ohio,Noveniber27,1956 “
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(a)Angleof attack, OO.

H’

—

(b)

Figure3.-

..---
C-42915

Angleofattack,140.

Sidevim?ofrnodel”intunnel.

.

E
I-Jo

. . .



NAC.ARM E5=28b 13

>-

/

(a)Straightcowl;consnotpivoted.

/

140
—

.

(b)Straightcowl;conepivot>

/

~
(o)Sweptc~lj conepivoted.

Figure4.-Representativeflowconditionsatbottomofinlets.Angle
ofattack,140;free-streamMachnumbsr,1.91.

,, .!.
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(c)Angleof attack,10°.
Op c

tc?llc

40 60 80 100 40.. - 60 ‘ 80 100
Total-pressurerecovery,P1/Po,percent

(d)Angleof attack,14°.

Figure5. - Concluded.Total-pressure-recoveryprofilesat inletstation1.65.



(a)strai@ltcowl;cmlcnot pivoted;
total-premuzw recovery,0..953;mee-
flow ratio,0.6.98.

(b) Straightcowl;mm pivoted;
total-pressurerecovery,O.S47;
mm-flow ratio,0.741.

Fi@re 6. - InletshockBtructme. Angle of attack,140.
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-—— Unstableflow

SolidBymbolsIndicate
criticslmassflow

.4 .5 .6 .7 .8 .9 1.0
Mass-flowratio,mzi~

(a)Angleof attack,OO.

Figure7.- Performancecurves.
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Stableflow
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cowl Cone

Straight Notpivoted
: Straight Pivotedo Swept Pivoted

Stktlleflow
——. Unstableflow

Solidsymbolsindicate
criticalmassflow

.—

.4 .5 .6 .7 .8 .9 1.0
Mass-flowratio,mzj~

(c)Angleof attack,10°.

Figure7. - Continued.Performancecurves..
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(d)Angleof attack,14°.
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Stralghtcowl

Mass-flowratio,0.928;totsl-
pressurerecovery,0.880;
distortion,4 percent.

Sweptcowl

Mass-flowratio,0.902;total-
pressurerecovery,0.866:
distortion,9.0percent.

21

Mass-flowratio,0.876;totsl-
pressurerecovery,0.878j
distortion,4.3percent.

Mass-flowratio,0.837;totd-
pressurerecovery,0.892j
distortion,4.8percent.

(a)Angleofattack,OO.

Figure8.- Diffuser-exittotsl-pressure-recoverycontours(looking
downstream).

-.
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cowl,cone

MSSS-flOWratio, 0.853jtotal-
pressurerecovery,0.688;
distortion,23.4percent.

Mass-flow ratio, 0,847j total-
pressurerecovery,0.741;
distortion,20.3”percent.
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Figure8. - Concluded.Diffuser-exittotal-pressure-recoverycontours(looking
downstream).
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